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Protein Chemistry 


ana chemical 


knowledge is 


tile slow painstaking growth of 
| well illustrated by the 
Bchemustry of the proteins. 
B bodies produced by 
tendon, skin, 
Band so forth. Some 
Snanutacture of cheese, the preparation ol 
Stanning of skins, the that ammonia 
Bobtained by the distillation of horn or of dung, the u 
fof egg white, blood ee gelatine for the clarification 
of turbid solations and the cCOav ulation of prote in toods 
by heat are all applications of protein chemistry 
§ Modern protein chemistry dates from 
sBraconnot isolated the amino acid glycine from gelatine 
by hydrolysis with sulphuric acid, although the 
Mture of glycine itself determined until 
later; and throughout the 
Bche mists were 
ganol ther, 
Bposition. 
Pmarked 


BAstbury. 


Story ‘e) | t he 


These are, for the most pari 


, 


organ crowth such as hair, 


mmuscle, silk, egg albumen, 
lustrial applications. The 


haemoglobin, 
have ine 
glue, the 


discover, Can be 


IS20. when 


Struc- 


was nol Some 
nineteenth century 
atter 


dec T11- 


A years 
discovering the amino acids one 
and isolating them 

Although 
dissimilarities 
in his Jubilee 
that X-ray 
between ( 
Bappearance and characteristics. 
important clue to the structural views he 
Nformulated and were put before the 
lof the Society of Chemical Industry for the 
ion any stage.’’ 

Prolonged 


proteins 


oe 


trom Jor teins by 


chemical analysis has shown 


between the protems, Dr. 
\lemorial Lecture, 


analysis 


has been able 
striking 
origin, 


—— —— bic 


to iene reveals a 


ssimilarity proteins of very dissinular 
This was probably an 
new has 
members 


first time 


which 


studies have led to the conception that 
linked through the 
to the carboxy] group of the other 
\ thus forming a 1 amide; 
Hturther, the secondary valencies present at the various 
points Cause the 
which 


consist of amino acids 


Famino group of one 
Swith loss ot water, substitutes 
molecule to assume a definite pattern 
for each protein. Often 
multiple or sub-multiple 
molecular weight known for a 
while hemocyanin from a snail 
Pavea molecular weights of over 5 Nevertheless 
only a dozen oraded steps are recuired tO proceed from 
ithe lowest member to the highest 
d Ver\ 


is characteristik then 
pmolecular weight is a 
of 34,500. The 


real protein iS l7 


slinpie 
lowest 
OOO, 


O00 ,OOO, 


There are thus onl, 
limited number of molecular weights 
sizes, as determined by the 
ichemically different proteins 
weight Ani 


smolecular 
must account tor these 


particle 


ultracentrifuge, and 
have the 


theory of protein 


Illa \ Sallie 
structure 
facts. It must accept a protell 
bmolec ule composed largely, if not entirely, 
AIS to 300 
pinkage ; If 
| space of 


of chains ot 
joined in 
definite onentation 


amino-acid residues 





Inust also explain tha 


these residues whereby the side 


peptide 


chains are 


other Ol the 
structure of the 
ution; 


alternately on one side or the main 


groups; it must explain the many 
~ i é - 
it must explain 
though different in 
similarity of 
plan in the 
and it 


chain 


proteins which are 
that 
constitution 


slobular in sol 
even 
show a 


how it 1s proteins 


chemical! behaviour 
1 


which 
of the 


suggests some central arrangement 


explain the 
whereby i 


amino-acid residues : must 


extensibility of the protein may be 
oth without fracture 

Analyses ctaclio: by 
the Cr St 


generally 


doubled in le ns by simple stretching. 


X-rays have shown that in nature 
more common than has 
Not until the problem of the 
had been solved was X-ra\ 
the proteins and then 
\lark that silk 
from poly peptide chains lying roughly 
parallel to the fibre axis and clinging together to form 


alline state 1s tar 
been supposed. 
structure of cellulose 


analysis used with s 


fibre 
uccess Upon 
and suggested 


ructed 


Meyer hbroin 1s 


eons 
, further suggested 
rests of fibroin fol 


lone thin cr\ stalline micelles. They 


7 


that the ¢ 
other 


low each 
and that 


rest shou tld 


and alanine 


olycine 
alternately 


chains. 


in the polypeptide 
WeTe fully extended, wach peptide 


a leneth of 3.5A. Some 
wer not fit into this pattern, 
however, X-ray 
transformation 
on stretching, an increase 1n length of 
being attainable without permanent 
the structure. The 


hair 


\ - 


pr Reims. €.2.. 
however. Dr. Astbury, 
intra- 
of hair keratin takes place 


showed by photograph that an 
molecular 
[OO per cent. 
any breakage in 
basis of this remarkable degree of 
that of a molecular 

The molecules appear to be often normally in 
a folded position endowed with inherent lon 
Astbury recalled the difficulties of 
known fact forth and cited, 
as an analogy, the chaotic state of aromatic chemistry 


=) 
betore the 


elasticity of mammalian hair is 
springs. 
i co 
¥-range 
elasticity. Dr. 
explaining the s here set 


discovery of the benzene ring. lt 


discover, Ol 


only 


needed, he suggested, a paralle| 


sionifican 


a | 


‘to put protein chemistry into a similar state 
This discovery he believes that he has madi 
and chemists will look forward to studying his theory 
when he presents it in print with the orderly 

that it Since his lecture 
at other places, 1t would perhaps be unfat 
solution that Dr. 


+ 


| . 
it has not vet 


ot order. 


scientific 


proot deserves. is to be given 
to indicat 
more clearly what is the Astbury pro- 
1 to minute 
hemical examination by other 


field. Nevertheless, those 


hear Dr. Astbury’s Jubilee 
cle livered hay 


poses ; besides, been subjectes 
chemical and physical « 
experts working in the 


who were pr 


Sale 
\ lleged Lo 


\lemorial Lecture come to congratulate 


themselves at having been present at the establishment 


of another milestone, perhaps the most important vet, 


In protein chemistry. 
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prices, the dates of the increases and the etfect on the grou 
index beine as follows: November 1, 1939, 84 per cent. ; 
= a a ry ~ . ~ . - 
> O N T E N I » february - LQ4O, ~2 pel OC. > | liv &. IQ40, 7% per EotaLe s 
oe 
ir) 2 and November 1, 1940, 95 per cent. Most of the iteins 
reat f Pp) Wowte . included in the group were covered by the control orders 
, ; 1 1 , - |] . | ‘ 
4 YL? () Unde! which these mereases were made. ne OLS Quota- 
‘5 } } }7 jj a@. . MOS in) thre YTOUp 1¢) show lowe! AVCTAL pri CS TT) De €1)1)- 
rOS -4 ria ber. PQ 40, than 1 veat earl r. were those to tinplat . 
@ Qe prices tending to decline up to November, 1940, when thi 
} Satet mecrease Was not sufhcient to ofiset the avyregate fall of 
ry un On the preceding months. In the chemicals and oils group 
f f ’ . . , ; 
= i Mi a rise in prices Ol IO per cent. Was recorded for IQ40, the 
\ , a ; 7 ' . | : 7 . n 

: ) ise for the period August-December, 1939, being 133 per 

; - y j ‘4 4 : . . _ 4 . : ° 
dd _ it Cent. lor sulphuric acid, miscellaneous chemicals ane 
; ? j IT s¢°? y ‘ {)j . ’ . ‘ . ‘ 
| fertilisers the aggregate rises during the vear amountes 
ry lattes Par j oO ; sr a ; os ’ e 4 
to between 25 and 30 per cent. During the same perio 
12 : . : itt i. | 
COadl-la products and paint became dearer by about 7s 
; / } ; f ‘ : - . ‘ . ° . 5 
and 15 per cent. respectively. The prices of soya oil an 

. Sfta i : —_* 

' ow ia 

palm kernel oil were advanced by 4,6 per ton in February, 
represent ing increases of nearly 20 and 30 per cent. re- 


spectively. he price of household soap was advanced by 


a 


NOTES AND COMMENTS 


' » Pp an _ : : ' 
lhe Petroleum Man li per cent, ror moto spirit, 175 per cent. for burning oll 
A dined URE dominated My the proaucts oO} po troleum 24 percent, for fuel of and 22 pel Cent, bor lubric ating ol 
Vas visualised by lr. \. i. Dunstan, chet chemist 
of the Anglo-Iranian Oil Company. in a paper on ‘* Oil Motor Fuels from Carbonisation 
thie War. delivered to the University (>| Birming- _— recent announcements § that » scheme has bee 


1 
iced tO Promote tne Use OL Creosote and OTH 


23 per cent. in November. IQ 39, and by I I p< r Cent. i] 


February, 1940. There were increases in 1940 of about 


p a character entitled ** the petroleum man,’’ and out- tar oils as fuels for commercial vehicles indicates thi 
ed the kind of lite he would lead, surrounded by petro- importance atiached by the Government to the home uss 
eum products. From petroleum he would obtain plasti of the products ef carbonisation of coal. This scheme. 
bricks and tiles to build his house. i] d fibre tor his \' his h came "nto op ion at lanuar\ 24, i< designed 7 
Ores: he Vout neat his house with bottled vas and hostel expermmel tz] Work o7 these Oils as wel] as to ¢ 
erosene. \\ I] CT) he rose il the morning he wouid first COUTALYC t hye 7 Line hie rational utilisation | home bay 
S Plast eeth; he ould breakfast o svntheti : Ipplies has neve beet considered sertously bv. a 
OO CVs utter, made trom petroleun). His oftice Government Department, although fuel technologists hav 
be almost entirely furnished with petroleum pro- frequently insisted that this should be done. When coa 
qgucts. Svnthet alcohol made _ tron petrol im would tar prod rts are not readilv saleable and storage apa 11) 
QUCnCh Mis st, and he might nourish himselt with a as been filled, the tar distiller quite naturally turns t 
petroleum chop. When he was dead, only five gallons any outlet which will enable him to continue operations 
petroieun ould be req red » CremMatle him Speak- and provide some sort of return, Boiler firing is quit < 
¢ more seriously, Dr. Dunstan enlarged on the cardinal normal outlet in these circumstances. That 1s no doubt 
portance of oil fuel in war tim \lthough there was exceptional as a temporary measure in times of peact 
emand tor a fuel of high octane value and high thermal though even here it may well be asked whether the 1: 
ethciency, there had been few serious attempts made to industry 1s not behindhand in undertaking research t 
were the components of petroleum, though discover new uses for those products in which there ts % 
Profess Nas of Birm ohan Universit had done > riodi slump. \t the present time, however. it ‘ 
ecmarkable work on the ai alysis of crude oil. lhe best essential that home produ ed fuels should be List 
odern fuel spirit was not obtained from plain petroleum, Wherever possible and to the best advantage. Fo 
but was a blend of hydrocarbons. many of which were ‘* rough’’ uses such as_ boiler firing we shoul 
synthesised. Lubricating oils, too, which nowadays had undoubtedly use home produced coal of which supplies 
to stand ve i high temperatures and pressures, wert are more than adequate ; we should reserve our liqui 
Nash and Dr. Hunter were doing invaluable work. th; 


, ; ” 
lan coal, and there could be no better use than the 


i} combustion engine wherever the tar distiller’s art 


Wholesale Prices in 1940 7 | Ba lial 
or the sitll of the envine qesigner can Make them suttabl 
' t THE board of rade Inde X Nuimbe r io} wholesal 
price 








~ (>) ina istrial materials and manulactures oO! TI ES FROM PI A TIC S 
7 “ ‘ ¥ ‘ 
. : ‘ j ~ 
~ ~ , . — } - - 434 4 4d \ A * 
1940 iS Qiven as 136.4 (1Q3O0, 100), as « ompared with IO5.5 
. 7 ‘ ** * . . ] Iroc? 1ry . 7 " - { - | ,ot?) C ° 17 To ~ 17 
TO?0 le gy) CnemM! als and Ouls TMe ioure 1s cBvele as | ie ili J porta iT is { { pr ie Lit In I LETIOT tructul. 
1 writ » 2 phe ee , decoration has been announced by the Monsanto Chemica 
OMpa»re WIT QOS.9° 1Or i1ron and stee! 159.2, aS compared ' 
-” hl Ph Co., St. Louis, Missouri, U.S.A., with a display of a plastr 
VITN IQZIL.S § and tor non-ferrous metals 122.2. as ¢ ympared phe 
2 a | ' tile moulded from its new material Lustron, a polystyren 
ith roo.4. Wuth an increase in prices of 263 per cent., = 4 - ; 
2 proauct, Che tiles are translucent or transparent and made 
. ] , ‘ 
TC)! ali Ter was amono Tne OTrTgntil SNOW NO V¢ lary To. . } : , 
s | I < a Ni i { Ups OV-’™ Ing th ACAD « ( 1! a wide range OT CoOlOU! ° rhe are extremely, resistant t 
creases for tne Veal, while non-ierrous metals (oS pel chemicals. water, alii atmospheric conditions They ar 
7 » | .=* » | * . , ; 7 ; * 7 
cent.) Was amone tne iowest. since the outbreak oft war proauced as shall w blocks which can be bolted together by 


jiaek ive rere rour Lene ral Increases mm won “Ana stee| wire Tasteners or 1o01ned wifi a cement 
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The ‘‘ Total’’ Treatment of Process Water 
Developments in Ion Exchange Materials 
| by G. S. RANSHAW 


A \ adequate >Upplty OF Water Oo} reduced or modified H-exchangers, eliminate the majo! part ol the Ca and M s 
chemical tent 1 


CO nt Is a growing necessity in a large humi- salts from water. 

( r industries. both tor boule feed and Tol process Ppulposes, such exchangers the retore, 20 furthe1 in the mattel ot 
he utilisation ot 1on-exchat ye mechanisms Was proceed Water-treatment than the zeolite materials, in that they 
ipace up to the outbreak ol War. A iew vears ALO the diminish the actual salt content of the water and thereby, In 
Mase excha iterlais sed oO Lt)\ large cale were the case ot boiler teed water, reduce incrustation or s¢ alineg 

tural alumuno-silicates such as the zeolites bodies chal ihey aiso reduce the content of soluble carbonates in. thi 
by an ability to exchange certain of their cation water of boilers; this is very desirable with a view to reducing 

rose OF 2 saline 


solution in more or less prolonged COl austic embrittlement. 


ith them ()ther materials are now marketed. however. lhe composition ot the humic acids, identified as OXVCal 

_ e Of these are bodies which. like the zeolites, exchange bon aATONniatle compounds, led Adams and Holmes. two 

>; others, more recent still, exchange the anions of chemists of the Teddington laboratory, in 1934, to investigate 

t10ns 1 whi h they AaTe in contact, some are ot mineral Lhe possibilities OT preparing bodies Ol analogous constitution 

| natural or synthetic; others are natural or syxthete svntheticalls Chey employed the tannins, which were ren- 

redil substances lt is with the italicised class that we dered insoluble by condensation with tormaldehvde or othe 

chieily concerned here, since these latest vnthetic resi aldehvdes, and were able to obtain products which possessed 

es, exercising as they do the dual tunction of anion- and ation-exchange ability, but were relatively costly and had 
n-exchanee, attord. in suitably designed installations. a other defects. 


()n the basis of their work the I.G. Farben 


Me solution oj} the probl In oO} the it total 


dustrie attempted to creat syntheti cation exchangers Ol 

Cl ' water, besides hay Ing subsidiary appli ations -Imilat type and the first patent of a series describes a process 

assume considerable Importance resembli 1g that of the Englishmen in that the condensation 

. > —_ : . O] phenols and polyphenols is effected with aldehydes in pre- 

Cation-Exchange Materials sence of certain acids or their salts. In anothe1 patent the 

cation exchange materials ot mineral Or1le1n comprise same fhArm sulphonated the product resulting from the con- 

e ** base-exe hanee ’ substances tT common parlance. As le@nsatlon Oo} aromatic derivatives and aldehvdes, but in which 

il hydrated alumino-silicates of sodium, potassium, ete., the OH-groups of the original patent were replaced by amine 

CCU ; inerals of the zeolite class and possess the groups \ll these products, however, had the same disad 

ene leQO, ALSO,, 2SiO., mH.O. where J/e can vantages as those quoted above. More successful develop 

IN Na, Me (ia. Ba d where 2 varies trom 2 to 6 and ments Tron subsequent work are described late 

Wn to 6. Synthetic zeolites are prepared, in principle 


a | silic} , 7 ae : Anion-Exchange Materials 
precipitating an alumuno-silicic acid, v., D\ reating 


ip! the product UO lhe use ot anion-exchange materials, both oft mineral and 
( il] the Qualltles Oo} itural zeolite but enhanced Oreanic OFILIN, is more ancient than that ot cation exchange 
ers otf cation-exchange. Other processes for the prepara naterials, but their interest is largely historical and they 
I Mor pnaol salts « 1 | nwo silici1 acid have bee List he passed over here In considerine modern syntheti 
ent ese be ormed either by tusion or by precipita organic anion-exchangers, however, we return to Adams and 
Lily Ll} { eq us] LLCS abe tL ultyi1 ites OF SOda Holmes Probably because Ol the detects OT the synthesised 
Cl ( itt line tre 1 ( r oy certain blast furnace lags is hodies 1) enti ned in the preceding paragraph, these workers 
esorted to next tried to employ proteins condensed with formaldehyde 
\il these bodies serve to ettect the replacement by sodiu:; s anion-exchangers, hoping to augment their exchange capa 
tne € @& ane 1/7 lOoOnms OF TD { LITS ( nstitutine the hardness itV. Failine 1} this they ontinued with bodies richer in 
Cit ‘ ~ 0 \\ Cl Ecc, if al solution , &=eee VET" amine tunctions notably the aromati« amines which. with 
Te, | a Ca or WV Salt is pa sed over a bed of natural ot rmaldehvde, vave anion exchangers with al CX hange 
etic zeolite an exchange ot the €a or J/¢ ions for the Capa ity superior to that of the proteins, alone Ol condensed 
of the silico-aluminie complex occurs. When the by the same processes (cf. condensation of aromatic phenols 
ue iss Mm th een deprived of the majo part of its and formaldehyde to give cation-exchangers). However, these 
the influx of raw water can be arrested and the esin bodies, in the form of their chlorides, were somewhat 
ite recvenerates by a reversible process, « contact luble in water. a disadvantage extending to their sulphate 
hloride solution for a predetermined period nd salts generally \cid water, therefore, when de-acidified 
the Ca l/ tis the . exh iu ted ZC 1 lite iT¢ replaced ry\ these hodies, retained 9niol1 . in solution up ce the limit () 
ons from the brine and, atter being rinsed free fro: solubility of their salts 
cipitated Ca, J salts the material is again ready for use Some success, however, accrued to a | rench concern’s work 
( hal CAatllo CX inmve l iterial LT) the OTP alii mM an ettort to augment the exchange Capa ity Of wool all 
egory also possess interest. [hese have the humic acids other protein materials without affecting their inherent 
basis, the classical method of preparation consisting in stability ihus, they esterified the acid functions of the pro 
e extraction of lignite with concentrated sulphuric acid. teins in order to liberate the amine functions: at the time ot 
ides possessing all the properties displaved hy 


the zeolite the 


i 


esterification a part of the amines themselves is alkylated 


i . . . | 2 . . 
nange©rs, othe advantages accrue In the nrst | lace this such a Way that the basicitv LS also accelerated, Giving an 
a@hhic Lon exchanve material Cal) hye used with hot solutions. 


aecelerated speed O] reaction with acids in dilute solution 
Finally, the L.G. ‘once®rn has also tackled the problem Of 


‘ i + . | | a 
Tradistinctio to the zeolites which cannot wel] with 


nd the contractions and 


. . . . . - . y ) ’ 1,, 
expansio1 accompanying Varia Improving the exchange capa ities Of proteins using proau tS 
Lt) temperature, Further, these bodies not only have th specified by the FE nelish workers. In one patent they trans 
bits to excha 9e Callons., but ite i | ) able TO exchange rorm the 


‘mino resins into alkvlamino resins bv treatment 
‘rogen Tor the cation of} the 1] 


saline constituents in hard with alkvlatineg agents Their products had cl pronounced 

tel a hilst the eolitic exe hangers ex han; e the basu ItYV. but thei . ylubilits Was unsatisfactor\ and thei 
im 101 for the cation of the Ca and J/g salts in hard pri e prohibitive Another process ot the same firm 
te! 7 ¢ OnIV form an insoluble salt into a soluble describes the treatment of the Adams and Holmes resins with 
eo othe Ore ah mode described in then capacity as cvanamide (Consideration of the latest work in connection 
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Anion- and Cation-r xchange Resins 
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Fig. 2. 
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, | icine Ye constituent. 
{ St) ( Cl- CACHAN Y naterial pres 
the ich tormation of the filtrat 
| . x) or concurrent « bination of calcium an 
j ' - exchange \ re of the ** Capacit\ of the exchaneer 
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Fig. 1. 
Structure typical of a phenol 
CHa resin. 
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ee ( ( C¢ Ci 2 ( am the amount OF minera 
( ‘ ty Leqd { { Casure tiie cil 1d strength ? ot th 
ePcéE ‘ f ( Dviou tnhat, Wi rking with H-exchang 
+ f ~ TION were the «it id streneth OT t he 
e exe , eC] is d in certain relationship, and the /H 
cter, + ange in which a resin exerts its optimum effect has bee 
ed it Wo! or 
‘ ((H- ’ 
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i CH 
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Structure typical of an aminoplast. 
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. POssIbDilily Of INCOpPOoTralINneg more Or less strone aciaic loid 

sic groups In resin structures per units of a wide-reaching NHs Strength Capacity 
luation oO} the etfects and ol the development O] Sper bal : 

fol special purposes Some ot the latest Ly pe Ss OT Tessin 25 00 

thie Ir Indices OT eHectiIveness are hown here ( | is 4 ( 

but concrete evidence ot the practical utility 1s contained 
synopsis ot fields alread { ‘plored NH (CH UU} 
) > , 


the tollowine 


In the torm ot their alkali salts the cation-exchange: 
ns are sultable tor softening water in the same way as do 
' | - ’ 15 IIl4 
known base-exchange materials. SH 
\ | } } } } ' ~ 
Water rich in carbonates can be partially reed fro! 
ne COnTEHRI by PassaPpe hrs through al hyvdrove eX hanvel NH 
. . ’ ab 
eo ereby. aCCOrdinge to the equation 
Cal HCO + H-exchanger + Ca-exchanger + 2H,O + 2CO ()7 [04 
/ 
the Naraness-rormime constituents are | xed by the exe hanger, NH» NH | 1 Ny H Cy HgiyNU 
e carbonic acid liberated losing its CO, by degasifyineg. | 
. ! \ 
e water rich in carbonate possesses both permanent at c NHo 
iporary hardness, then, according to the equation 
: HoN NH» 47 I40 
CaSO, + H-exchanger > Ca-exchaneget rm... - . 1, 4 
. N Ty 
eral acid is liberated. ‘The possibility of suitably contro! 
the range of action of the resin exchanger is an advantage NH. 
common to the ordinary hydrogen-exchangers. By usil 
Acid NH—C,H4g—NH—C,Hyg 
Strength Capacity NI, NHy Cy Hg--NHC, Hg NH 60 1SO 
()}{ ss ; . . . . . 
nol Fig.4. Development of basic resins by appropriate choice 
of components. 
() {) 
trer filter with a@ resin exchanger of ave raee al id streneth 
possible to get a water which contains practically the 
OH \ e carb cid 1 free torn while the mineral acids 
| S O ln in the filtrate the torm of their alkali salts. 
‘ Pierre Tf oval ot all salts trom water 1s made pos- 
OH ibie Dy the Tollowing two-stage process 
\ | } ’ ] - 
Il. Uaou, H-exchangel H.SO'*, + Ca-exchanget 
() EI ! ] 
re H -ex« al = HC! + Na-exchanget! 
Recenerat with HCl 
+) ), 
HiSQ), ()H-exch: ( 2HOH + SO,-exchange 
SO.H Hei + OH-exchange HOH + Cl-exchanger 
er: ; : — 
| Regenerate with NaO'H 
th ‘ ; L,] = Hltrati { 
(oH | [WO resin Cy pe ~ ] — DoOsslbdit DV a singie fiitration hirst 
4¢ ) (?] } ( it] yt) thre é <1 1} rrLLO] e\ ¢ } aa YC! LO remove ()7 
aoe 5) \ | 57 ! Pr oe | ot the salts ro ter OF average hardness. 
H } | } ] ] 
lt is possible by this means to recover valuable bases 
her , . — . 
OT] CH,SO.VH lds, pvridine, et from dilute solutions; also to 
t*¢ Es 4 1 | te af ids by tLHnhloh-eX¢ hanee ; ‘The separation Ot 
OH ist d acid tts, removal of small amounts of heavy 
etal one Wale. alist Of solutions oO Ors ani materials, 
Cont re ichni 1st} ltie 
= ms - ould also present no technical dithculties. 
» ¥ roy 
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sit New Oil-Cracking Process 


SOnH NH, 
= 104 Plants Started by Standard Oil Co. 


()}{ 
‘ | 
Vew FeTse\ ATC reported by 


Ho).S wi 
H > JH . | Pidl Standard {( )] ( ) ()] 
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